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(54) Title: A METHOD FOR DETECTING THE HOME AREA IN A MOBILE STATION AND A MOBILE STATION 
(57) Abstract 

The invention relates to a method for detecting a home area in a mobile station, 
and to a mobile station realizing the invention. According to the invention the home 
area is detected in the mobile station by comparing (8) data received by the mobile 
station from the base stations of a cellular network with predetermined (1 to 6) home 
area data stored in the mobile station. Hie home area data is determined (1 to 6) based 
on preferably all of the following data: a) a mobile country code (MCC), b) a mobile 
network code (MNC), c) a location area code (LAC) and a related cell identity (CI) for 
all broadcasting channels (BCCH) which the base station is able to receive, d) received 
signal strengths (RSS) for all broadcasting channels BCCH, e) distances from all base 
stations (BTS) on the broadcasting channels BCCH, and f) timing advances (TA). 
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A method for detecting the home area in a mobile station and a mobile station 



The object of the invention is a method defined in the preamble of claim 1 for 
detecting the home area in a mobile station, and a mobile station defined in the 
preamble of claim 9. 

5 An aim is to establish that a mobile station is in its home area or in the area where it 
is mainly used in order to apply local call tariffs and local services. 

From the patent publication EP 0 344 989 it is previously known a method to 
establish with the aid of a system identification number (SID) that a mobile station 
is in its home area. A mobile station according to the method has several 
10 identification numbers, of which it according to the SID selects one to be used. Thus 
the mobile station has several home areas, which it can detect with the aid of the 
SID it receives. 

A problem of the known devices is that they are complex and expensive to realise. 

The object of the invention is to obviate said disadvantages. 

15 The method according to the invention is characterised by what is presented in claim 
1. The mobile station according to the invention is characterised by what is 
presented in claim 9. Preferred embodiments of the invention are presented in the 
dependent claims. 

The invention relates to a method for detecting the home area in a mobile station. 
20 According to the invention the home area is detected in the mobile station by 
comparing data received by the mobile station from base stations of the cellular 
network with predetermined home area data stored in the mobile station (LFP, 
Location FingerPrint). 

In an application of the invention the home area data is determined based on at least 
25 part of the following data: 

a) a mobile country code (MCC), 

b) a mobile network code (MNC), 

c) a location area code (LAC) and a related cell identity (CI) for all broadcasting 
channels (BCCH, Broadcast Control CHannel) which the mobile station is able to 

30 receive, 

d) the received signal strengths (RSS) for all broadcasting channels BCCH, 
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e) the distance to all base stations (BTS, Base Transceiver Station) on the broad- 
casting channels BCCH, and 

f) the timing advance (TA). 

On the basis of the mobile station's country code, mobile network code and location 
area code it is unanimously known where the receivable base stations are located. 
Preferably, averaging is used in determining the signal strengths, distances and 
timing advance, so that abrupt changes caused by the terrain should not interfere 
with the measurement result. The base stations from which this data is received are 
preferably selected so that only a few of the most adjacent stations are used to 
determine the data. Thus the location is advantageously determined as accurately as 
possible. Preferably, as many as possible of the previously listed data a) to f) are 
used in determining the location of the mobile station. Preferably, at least three of 
the data a) to f) are used. However, the invention is not limited to using exactly the 
data a) to f) listed previously. In various embodiments of the invention, only a part 
of the data a) to f) may be used, or other data and measurements may be used in 
addition to the data a) to f) to increase the accuracy of the determination. 

In one application of the invention said comparison method comprises the 
following steps: 

a) the home area data is compared with the data received by the mobile station; 

b) the mobile station is deduced to be within the home area if the data received by 
the mobile station is within predetermined tolerances when compared with the home 
area data, and in the opposite case the mobile station is deduced to be outside the 
home area; 

c) the deduced result is presented to the user; and 

d) if the mobile station is within the home area, this is reported to the operator. 

In one application of the invention said home area data is determined by storing the 
corresponding data in the mobiie station when it is within the home area. 

In one application of the invention said home area data is determined by deduction 
based on the cellular network structure and stored in the mobile station. 

In one application of the invention there can be several home areas to be determined 
and identified. 

In one application of the invention the home area to be determined is the basis for a 
certain service. 
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The mobile station according to the invention comprises a processor to define the 
mobile station's home area data and to compare this data with the received data in 
order to detect the home area, a memory to store programs and home area data, an 
RF section to receive data and to send this data to a base station, a keyboard to 
5 activate definition of the home area, a display to present the home area comparison 
result, and a data bus for the data communication between the means. 

An advantage of the invention is that the location of the mobile station is reliably 
detected. A further advantage is that no equipment changes are required due to the 
invention. Further, due to the invention the infrastructure of a cellular network does 
10 not have to participate when the location is determined. A service control point 
(SCP) in a cellular network controls call tariffs and services on the basis of the 
home location register (HLR). The database of the cellular network is situated in the 
home location register, which comprises permanent basic data of mobile subscribers 
registered in the network. 

15 The invention is described in detail below with reference to the enclosed drawing, in 
which 

figure 1 shows in a flow chart a method according to the invention for generating 
home area data; 

figure 2 shows a method according to the invention for detecting the home area 
20 by comparing with data which is received by the mobile station; 

figure 3 shows in a block diagram essential sections of a mobile station according 

to the invention; and 
figure 4 shows the method according to the invention in a basic figure. 

Figure 1 shows as a block diagram the method according to the invention to 
25 generate home area data. In this application the home area data comprises the 
following data: the mobile country code, the mobile network code, the location area 
code and cell identity, signal strengths, the distances from the base stations, and the 
timing advance. The home area data is stored from the data received by the mobile 
station in the following method steps. In step 1 the mobile country code MCC is 
30 stored, which is a three digit code given to each country and used to identify the 
mobile subscriber's country of registration. Then in step 2 the mobile network code 
MNC is stored, which is the code identifying the mobile network. The location area 
code LAC and cell identity CI for all broadcasting channels BCCH which the 
mobile station is able to receive are stored in step 3. In step 4 the received signal 
35 strength RSS for each broadcasting channel BCCH is measured and stored. The 
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distances to each base station BTS are determined and stored in step 5 by using the 
broadcasting channels BCCH. The timing advance TA is measured and stored in 
step 6 if the distance from the base station to the mobile station is 35 km or less. The 
timing advance TA means the estimated added two-way transit time delay. In the 
5 GSM system (Global System for Mobile communications) the timing advance is 
measured as bit modulation periods T having a length of 48/13 jxs. 

Alternatively the home area data is generated by deduction based on the cellular 
network structure, for instance so that the network operator generates the data. 

Figure 2 shows a method according to the invention for detecting the home area by 
10 data comparison. New data received by the mobile station corresponding to the 
home area is stored in the first step 7. In the next step 8 all home area data is 
compared with the new data. A part of the data is in analogue form, such as the 
signal strength, so that their values are compared using certain tolerances. If the new 
data is within the tolerances, compared to the home area data, the operation 
15 continues at step 9, where it is determined that the mobile station is in the home 
area, and then at step 10 where the operator is informed of the result. The tariffs and 
services according to the home area are available when the operator has been 
informed of this. If the data was not within the tolerances in step 8 the operation 
continues at step 11, where it is determined that the mobile station is outside the 
20 home area. After the actual comparison step 8, and the following operations 9 and 
10 or' 1 1, the operation continues at step 12 where the result is indicated to the user. 

Let's examine as an example how the mobile station's home area data is stored and 
how the mobile station moves outside the home area. The mobile station's user 
determines the central point of the home area by pushing a button on the mobile 

25 station or by making a call to a special service number. Alternatively the cellular 
network operator determines the central point of the home area by calling from the 
network to the mobile station and by using a particular signalling which is based on 
e.g. the short message service (SMS) or on the USSD signalling (Unstructured 
Supplementary Service Data). The mobile station stores at least the above 

30 mentioned data of the home area, that is the mobile country code, the mobile 
network code, the location area code and cell identity, signal strengths, the distances 
to the base stations, and the timing advance. 

The above presented data to be stored forms the home area data, on the basis of 
which the mobile station later can identify its location. A confirmation message in 
35 the form of an SMS or USSD is transmitted to the operator when the home area data 



WO 99/11085 




PCT/FI98/00645 



has been stored. If required the operator will confirm the use of local call tariffs and 
services. 

At power-up and at the beginning of each call the mobile station checks its current 
location by comparing the data it receives with the home area definition data. The 
5 mobile station also reports to the cellular network whether the mobile station is 
within its home area. This is also indicated to the user by a message on the mobile 
station's display, by a photodiode and/or by a tone. 

In some cases the mobile station's user can define his/her home area at a location 
which differs from the previous one, for instance due to changes in the cellular 
10 network. However, this is always reported to the operator, so that misuse of this 
feature is prevented. 

The procedure used by the mobile station to detect the home area is substantially of 
the kind shown in figure 2. 

During a call the timing advance TA and the signal strengths received by the mobile 
15 station from the neighbour base stations are monitored in order to know whether the 
mobile station still is within its home area. When it is observed that the mobile 
station moves outside its home area the mobile station first indicates this to the user 
and then turns off the "home area" flag (ref. figure 2) and reports this to the cellular 
network. A consequence of this is that call tariffs and services according to the 
20 home area are not anymore available. The call is continued or terminated, depending 
on the conditions in the contract with the operator. 

Preferably the received signal strengths and the timing advance are averaged over a 
certain time, so that only long-term positive changes cause a home area decision. In 
addition to the data of the current cell data is preferably collected only from a 
25 certain neighbour cell or from certain neighbour cells which are best suited for the 
determination of the location. For instance those cells are used with the highest 
received signal strengths, and cells with signal strengths falling below a certain limit 
are ignored. If required, the received signal strengths are weighted for each cell, for 
instance on the basis of the distance of a certain single cell from the mobile station. 

30 Figure 3 shows as a block diagram certain functional blocks of the mobile station 
according to the invention. The block diagram shows a processor 13 for processing 
the home area data, a memory 14 for storing programs and the home area data, a 
radio frequency (RF) section 15 for transmitting and receiving the home area data, a 
keyboard 16 for initiating the definition of the home area data, a display 17 for 
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presenting the result, and a data bus 18 for realising the communication between the 
blocks. 

Figure 4 shows a basic figure of the method according to the invention in a map-like 
presentation. The mobile station 19 receives radio transmissions from the base 
5 stations 20a, 20b, 20c. The radio transmissions contain the coded home area data 
mentioned above, which are stored. At the same time the mobile station 19 
determines the distances to the base stations 20a, 20b, 20c from the mobile station 
19 on the basis of the received radio transmissions. 

In order to ensure a utilisation according to the contract a cellular network uses an 
10 administrative process which collects statistics about the home area settings made in 
the mobile station. The utilisation is according to the contract when the home area is 
always defined to be the same. 

The home area must be redefined when the operator of the mobile network changes 
the network structure. This is indicated to the user. The user can again use his/her 
15 home area features when he has made the redefinition. The definition is alternatively 
made automatically by data transmitted from the network to the mobile station. 

In addition to the absolute quantities mentioned above, or instead of these quantities, 
the home area can be determined using relative quantities relating to the base 
stations. Preferably the difference of the RSS levels of different base stations is then 
20 used as a criterion. The observed time difference (OTD) of the signals received from 
the base stations is also used, if the time difference method is used in the mobile 
network. 

The home area data is alternatively used in the mobile station only to adapt the 
mobile station's own functions to the home area in accordance with the 
25 requirements of the device or the user. 

In the above presented example the operation of the method according to the 
invention is described in a GSM mobile system, but the system can also be some 
other common mobile PLMN network (Public Land Mobile Network). 

The invention is not limited to concern only the above presented embodiment 
30 examples, but a plurality of modifications are possible within the inventive idea 
defined in the claims. 
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Claims 



1. A method for detecting a home area in a mobile station, characterized in that 
the home area is detected in the mobile station by comparing (8) data, which are 
received by the mobile station from base stations of a cellular network, with 

5 predetermined (1,2,3,4,5,6) home area data stored in the mobile station. 

2. A method according to claim 1, characterized in that said home area data is 
determined (6) based on at least part of the following data: 

a) a mobile country code (MCC), 

b) a mobile network code (MNC), 

10 c) a location area code (LAC) and a related cell identity (CI) for all broadcasting 
channels (BCCH) which the mobile station is able to receive, 

d) received signal strengths (RSS) for all broadcasting channels (BCCH), 

e) distances to all base stations (BTS) on the broadcasting channels (BCCH), and 

f) timing advances (TA). 

15 3. A method according to claim 1, characterised in that said comparison 
comprises the following method steps: 

a) the home area data is compared (8) with the data received by the mobile station; 

b) the mobile station is deduced to be within the home area (9) if the data received 
by the mobile station is within predetermined tolerances when compared with the 

20 home area data, and in opposite case the mobile station is deduced to be outside the 
home area (11); 

c) deduced result is presented (12) to a user; and 

d) if the mobile station is within the home area, this is reported (10) to an operator. 

4. A method according to any previous claim 1 to 3, characterised in that said 
25 home area data is determined by saving in the mobile station data corresponding to 

the home area data when the mobile station is in the home area. 

5. A method according to any previous claim 1 to 3, characterised in that said 
home area data is determined by deduction based on cellular network structure and 
the home area data is stored in the mobile station. 



30 



6. A method according to claim 5, characterised in that the home area data is 
loaded automatically, or when desired by a user, from mobile network to the mobile 
station. 
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7. A method according to any previous claim 1 to 6, characterised in that the 
mobile station can have a plurality of home areas to be determined and identified. 

8. A method according to any previous claim 1 to 7, characterised in that the 
home area to be identified is a basis for a certain service. 

9. A mobile station, characterised in that it comprises at least the following 
functional blocks: 

- a processor (13) to define the mobile station's home area data and to compare this 
data with received data in order to determine a home area; 

- a memory (14) to store programs and the home area data; 

- an RF section (15) to receive the home area data and to send the home area data to 
a base station; 

- a keyboard (16) to activate definition of the home area; 

- a display (17) to present the home area comparison result; and 

- a data bus (18) for data communication between said functional blocks 
(13,14,15,16,17). 

10. A mobile station according to claim 9, characterised in that the home area 
data comprises at least part of the following data: 

a) a mobile country code (MCC), 

b) a mobile network code (MNC), 

c) a location area code (LAC) and a related cell identity (CI) for all broadcasting 
channels (BCCH) which the mobile station is able to receive, 

d) received signal strengths (RSS) for all broadcasting channels (BCCH), 

e) distances to all base stations (BTS) on the broadcasting channels (BCCH), and 

f) timing advances (TA). 



WO 99/11085 



# 



FIGURE 1 



0a 



FIGURE 4 



1/2 



STORE 
MCC 



STORE 
MNC 



STORE 
LAC & CI 



5 



STORE 
RSS 



DETERMINE 
DISTANCES 



MEASURE 
TA 



19 




t 



20c 



PCT/FI98/00645 



20b 



WO 99/11085 



10 



12 



PCT/F198/00645 



2/2 



STORE 
NEW DATA 




TURN ON "HOME 
AREA" FLAG 



TURN OFF "HOME 
AREA" FLAG 



INFORM 
THE OPERATOR 



DISPLAY 
TO USER 

C^_END_^> 



FIGURE 2 



11 



13. 



PROSESSOR «< 



18 



> MEMORY 



RF 

SECTION 



KEY- 
BOARD 



FIGURE 3 



DISPLAY 



14 



15 



16 



17 



INTERNA!! 



SEARCH REPORT 



5 



International application No. 

PCT/FI 98/00645 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H04Q 7/38, H04Q 7/32 

According to International Patent Classification (I 



PC) or to both national classification and IPC 



»1. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H04q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Klcctronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US 5471643 A (KUNIYOSHI MARUI), 28 November 1995 

(28.11.95), column 1, line 61 - line 67; column 2, 
line 26 - line 41; column 7, line 21 - column 8, 
line 28, figure 2 



EP 0344989 A2 (KABUSHIKI KAISHA TOSHIBA), 
6 December 1989 (06.12.89), column 1, 
line 46 - line 53; column 2, line 52 - column 3, 
line 9; column 3, line 42 - line 51, claims 1,4, 
column 8 



WO 9711569 Al (TELEFONAKTIEBOLAGET LM ERICSSON), 

27 March 1997 (27.03.97), page 6, line 5 - line 33 



Relevant to claim No. 



1-10 



1-10 



1-3,5,6,8-10 



4,7 



1 xl r7urlner documents are listed in the continuation of Box C. j y\ See patent family annex. 



* Special categories of cited document*: 

"A" document defining the general state of the art which is not considered 

to be of particular relevance 
*R" crlier document hut published on or after the international filing date 

*L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

T" document published prior to the international filing date but later than 
the priority date claimed 



T* later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X* document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"V document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

*&." document member of the same patent family 



Date of the actual completion of the international search 



21 J3nn3ry 31999 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



Date of mailing of the international search report 

2 8 -01- 1999 



Authorized officer 

Per Kallquist 

Telephone No. + 46 8 782 25 00 



I'orm PCf ISA/210 (second sheet) (July 1992) 



INTERNATION 



EARCH REPORT 



W 11 



alional application No. 

PCT/FI 98/00645 



c; (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0597638 Al (V0DAF0NE LIMITED), 18 May 1994 

(18.05.94), column 1, line 5 - line 24; column 2, 
line 4 - line 13; column 2, line 33 - line 54, 
abstract, column 3, line 3 - line 6; column 4, 
line 10 - line 22 



US 5444765 A (KUNIYOSHI MARUI ET AL) , 

22 August 1995 (22.08.95), column 1 - column 2, 
abstract 



WO 9639000 Al ( TELEF0NAKT I EB0LAGET LM ERICSSON) , 
5 December 1996 (05.12.96), page 2, 
line 36 - page 3, line 12; page 5, 
line 25 - line 32; page 8, line 21 - line 24, 
page 10, line 13 - line 20 



WO 9713387 Al (TELIA AB), 10 April 1997 (10.04.97), 
page 1, line 24 - line 39; page 4, 
line 3 - line 11; page 5, line 1 - line 3, 
abstract, page 7, line 18 - line 30; page 8, line 
11 - line 20 



WO 9625830 Al (EUROPOLITAN AB) , 22 August 1996 
(22.08.96), page 4, line 12 - line 23, 
abstract 



WO 9730559 Al (ERICSSON INC.), 21 August 1997 

(21.08.97), page 6, line 27 - line 29; page 7, 
line 1 - line 3; page 7, line 4 - line 6, figures 
6-8, page 12, line 21 - page 14, line 23 



1,3,5,8,9 



2,10 



1,2 



9,10 



2,3,8,10 



2,7,8,10 



2,3,10 



2,10 



l-iirm PCT/ISA/HO (continuation of second sheet) (July 1992) 



INTERNAT^p^L SEARCH REPORT 

Information on patent family members 



01/12/98 



International application No. 
PCT/FI 98/00645 



Patent document 

CltPfl in (parrh ro nnrl 

bitcu 111 »c»iwi report 


1 


Publication 
dale 


Patent family 
member(s) 


Publication 
date 


US 5471643 


A 


28/11/95 


PA 




25/07/95 








JP 


3226129 A 




EP 0344989 


A2 


06/12/89 


SE 


0344989 T3 










PA 
Ln 


iJlOODD A 










DE 


68912407 D,T 










JP 


1300722 A 


05/12/89 








IK 


Rim Ann & 


31/03/92 








JP 


1300723 A 










JP 


2809641 B 


15/10/98 


WO 9711569 


Al 


27/03/97 


AU 


7005096 A 


0Q/0A/Q7 








EP 


0852101 A 


08/07/98 








US 


5754955 A" 


19/05/98 


EP 0597638 


Al 


18/05/94 


AU 


5056893 A 


26/05/94 








GB 


2272607 A 


18/05/94 


US 5444765 


A 


22/08/95 


NONE 





W0 9639000 Al 05/12/96 AU 5915496 A 18/12/96 

US 5568153 A 22/10/96 



W0 9713387 Al 10/04/97' EP 0796545 A 24/09/97 

SE 503949 C 07/10/96 
SE 9503521 A 07/10/96 



WO 9625830 Al 



22/08/96 



AU 


692061 


B 


28/05/98 


AU 


2582995 


A 


18/12/95 


AU 


4737396 


A 


04/09/96 


CA 


2210723 


A 


22/08/96 


EP 


0760072 


A 


05/03/97 


EP 


0809918 


A 


03/12/97 


FI 


964513 


A 


11/11/96 


FI 


973342 


A 


14/08/97 


NO 


964877 


A 


15/11/96 


NO 


973748 


A 


14/08/97 


SE 


9500569 


A 


17/08/96 


SE 


9502976 


A 


17/08/96 



W0 9730559 Al 21/08/97 AU 2204197 A 02/09/97 

US 5815808 A 29/09/98 



l-«irm PCT ISA/210 (patent family annex) (July 1992) 



